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Abstract.This paper is devoted to the design and construction of a photovoltaic 
array emulator for high power applications in order to test all kind of 
photovoltaic inverters. To develop such device, a rapid prototyping tool based 
on xPC Target of Matlab/Simulink has been used, providing a real-time testing 
environment. PV array emulator can be used to evaluate the performance of 
photovoltaic inverters as any test conditions can be programmed. The proposed 
emulator operates as a distributed control system taking advantage of the 
TCP/IP protocol features. 
Keywords: photovoltaic array, inverter performance, rapid prototyping tool, 
real-time, xPC Target, TCP/IP protocol. 
1   Introduction 
Nowadays, the power electrical system scenario is very different in comparison with 
the traditional configuration. Several factors, such as an electrical consumption 
increase, the electrical market liberalization, the need to reduce CO2 emissions, and 
the new technological development, are boosting the distributed generation (DG). 
Photovoltaic solar energy is one of the most relevant distributed energy resources 
taking an important part in this new scenario [1]. Due to the increased use of this 
technology, several regulations [2] have been established in order to manage the 
inverters of photovoltaic plants. The main deal of these rules says that the inverters 
must work providing support and stability in the electrical grid. This fact obliges that 
every inverter must be tested under different conditions. For high power testing 
applications a DC power supply is hard to find and certainly a photovoltaic array 
could not be available. 
The well-known software Matlab/Simulink [3] has been widely used in system 
modeling and simulation of control algorithms. Since years ago, efforts have been 
made to control the physical systems by means of Matlab and its toolboxes. The xPC 
Target Matlab toolbox provides a rapid prototyping host-target environment by using 
TCP/IP [4] to construct the real time control system. 
This paper is devoted to the designed and construction of a photovoltaic array 
emulator for high power applications in order to test all kind of photovoltaic inverters. 
xPC Target from Matlab/Simulink has been used as rapid control prototyping tool. 
The different characteristics and configuration of this control platform will be 
explained in detail. 
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Fig. 1. Global communication scheme of the PV array emulator.
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Fig. 2. Rapid prototyping environment based on xPC Target. 
 
4   Plant Under Test. Physical System 
In order to achieve PV array emulation, an electronic converter working as a rectifier 
has been used. 
AC/DC converters constitute the interface circuit between the electrical grid and 
the DC loads. With the ever increase of power quality requirements at the point of 
common coupling (PCC), these converters are nowadays required to achieve different 
task such as: provide high input power factor, low current distortion [5] and fixed 
output voltage. 
Synchronous rectifier allows demanding sinusoidal currents from the grid which 
are synchronized with the voltage at the PCC. Fig.3 shows the topology used in this 
work. The rectifier is connected to the grid by means of an autotransformer. 
The real system is the Semikron SEMISTACK SKS 230F B8CI 190 V12 inverter 
shown in Fig. 2. 
 
Fig. 3.Three-phase two-level rectifier electronic converter topology connected to the grid. 
5    Host PC. Photovoltaic Array Emulator Models and Controllers 
In this section, the explanation of the designed models will be explained. Models have 
been implemented in Simulink on the host PC in order to be executed in the target PC 
in real time after its compilation. This PC has the hardware characteristics shown in 
Table 1. 
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Table 1. Host PC characteristics. 
Equipment CPU RAM 
Host PC Pentium Dual-Core T4500 at 2.3 GHz 4 GB 
5.1     Photovoltaic Panel Model 
 
In order to reproduce the typical curve of a photovoltaic (PV) panel, a PV model has 
been employed. This model, explained in detail in [6], is based on the I-V exponential 
curve defined by the information provided by the manufacturers. I-V curves obtained 
in the simulation of the panel Shell SP 150-P in different conditions are shown in Fig. 
4 a) and 4 b), as it is the panel that has been used to develop the proposed PV array 
emulator. 
 
Fig. 4 a). I-V curves (differents W).Fig. 4b).I-V curves (differents T). 
5.2    Photovoltaic Array Emulator Control Strategy 
In Fig. 5, the control strategy of the photovoltaic array emulator is shown. The 
measured DC load current is the input of the photovoltaic array model. By this way, 
the reference DC link voltage is generated by the model according to the I-V curve.  
In order to generate the reference current demanded from the grid, a proportional-
integral (PI) controller produces its RMS value (control variable) depending on the 
DC voltage error. The amplitude of the reference current is multiplied by three unitary 
wave forms synchronized with the voltage (vpcc) at the PCC. These waveforms are 
provided by an adjustable synchronous reference frame (ASRF) [7]. 
 
Fig. 5. Control strategy in PV array emulator. 
 
5.3    Reference Tracking 
 
In order to track the reference current, a hysteresis band has been used [8]. In Fig. 6 a) 
one can see a block diagram of this current controller. The reference current and the 
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measured current are compared to generate the switching signals that control the 
system (Fig. 6 b).  
The switching signals are generated by the next way. The voltage on the filter 
inductance is given by (1) and (2): 
( )
L
di 
=Lv
t
 ,
dt
 (1) 
L sn xnv= ,-vv  (2) 
 
wherevsn is the line to neutral voltage and vxn	is the voltage between the middle point 
of any leg and the neutral point. 
 
 
Fig. 6 a) Hysteresis band diagram. Fig. 6 b) Switching signals generation. 
 
This value could take the next limits: 
DC DC
xn
2v 2v
v :  or -
3 3
.  (3) 
Depending on the obtained error signal between the reference current (i*s) and the 
measured current, the slope (di/dt) of the demanded current must be changed. This is 
achieved by controlling uxn through the appropriate switching states defined in Table 
2.  
Table 2.Different states of the switching signals. 
Error Scheme Situation 
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6    Target PC. Data Acquisition, Measurement and Control Signal  
An industrial PC has been used as target. Its characteristics are shown in Table 3. 
Table 3. Target PC characteristics. 
Equipment CPU RAM 
Target PC Pentium Core 2 T4500 at 2.66 GHz 2 GB 
 
The executable code is generated in the host PC and the target PC runs it in real-
time to control the plant. This computer is equipped with a data acquisition (DAQ) 
board PCI-6259 by National Instruments. This board has the necessary I/O channels 
according to the designed control strategy and tracking technique. In this case, eight 
analogical input channels (required measurements) and six digital output channels 
(switching signals) are used. 
 
6.1    Measurement Board 
 
A measurement board with the necessary sensors has been built (Fig. 7.a). A total of 
eight sensors have been used(Table 4). 
 
Table 4. Sensor characteristics. 
Magnitude Sensor Number of sensors 
Voltage  LV 25-P by LEM 4 (vpcc (van, vbn, vcn) and vDC) 
Current LA 25-NP by LEM 4 (imeas(ia, ib, ic) and iDC) 
7    Full System. Experimental Results 
The proposed photovoltaic array emulator has been studied experimentally in real-
time environment (Fig. 7.b.).The experimental test parameters are shown in Table 5. 
Resistance value correspondswith the MPP for the chosen panel configurations under 
standard conditions. The PV array user interface created for the host PC is shown in 
Fig.8. 
Experimental results are displayed in Fig. 9 a) and b). One can see how the system 
produces the MPP voltage and current according to the parameters of the panel. 
Experimental results with different load conditions are shown in Fig. 10. Critical 
points have been emphasized. The test scheme can be seen in Fig. 11. 
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Fig. 7. a) Built measurement board.  Fig. 7. b) PV array emulator (full system). 
 
Table 5. Used parameters in experimental tests. 
Parameter Description Value 
np 
Number of panel 
connected in parallel 1 
ns 
Number of panel 
connected in series 6 
Vs(V) vpcc RMS voltage 50 
Lf (mH) Filter inductance 6.2 
C1, C2(mF) DC-Link capacitors 28.2 
RL (Ω) Load 48.22 
fw(KHz) Switching frequency 8 
 
 
Fig. 8. PV array model interface. 
 
 
Fig. 9. a) vpcc and demanded current          Fig. 9. b) PV voltage and PV current. 
(phase a).                                                       
Host PC 
Target PC 
Hardware 
under test 
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Fig. 10. Experimental results (stars). 
 
 
 
Fig. 11. Equivalent test scheme. 
8    Conclusion and Future Works  
A rapid prototyping tool has been used and configured based on xPC Target from 
Matlab/Simulink using TCP/IP protocol to communicate host and target. It has been 
used to validate experimentally, and in real-time, a photovoltaic array emulator. By 
means of this device one can emulate any PV panel and any array configuration s in 
every condition. This platform will be used in the future to test any kind of 
photovoltaic inverter [9] in a high power level. 
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